Therefore the reliability of the unfolded spectra was investigated by checking following items one by one : (1) the energy range in which the meaningful unfolded spectrum is obtained.
(2) the effects of the difference of the cross section values between two available activation cross section sets and of the errors in the measured reaction rates on the unfolded spectra.
(3) Whether the unfolded spectra are reliable enough to access small differences found between calculated spectra by PALLAS and ANISN-JR for some measuring positions. (4) Comparison of the measured reaction rates and those obtained from the unfolded spectra.
Through these error analysis, it was found that the measured spectra were obtained satisfactorily to access transport codes in the energy range of 1~10.5 MeV. All experimental data in absolute value and detailed specifications for source, detector and the experimental geometry are given for a fast neutron transport benchmark calculation. Unfolded spectra were compared with the spectra calculated by PALLAS and ANISN-JR. As is well known, the former is a transport code based on direct integration method and the latter is the one based on Sn method and both are frequently used in the field of shielding in our country.
In general, a very good agreement was obtained between measurement and calculation.
II. DESCRIPTION OF EXPERIMENT
Experiment was made in the water of JRR-4, a swimming pool type research reactor installed at Japan Atomic Energy Research Institute.
The reactor core has a graphite-reflected rectangular configuration. Both the fuel and the reflector are clad with aluminum. The reactor core is contained in an aluminum tank with a wall thichness of 1.5 cm. The reactor power is controlled by four shim rods and one regulating rod made of stainless steel containing natural boron. The detailed description of the core, reflector and control rods of JRR-4 are given in Ref. (8) .
Three iron slabs with a size of 1.5 m square were placed in a rack adjacent to the tank, forming a laminated iron-water shield with the pool water.
The thicknesses of the iron slabs are 5, 10 and 15 cm from the reactor side. There is a 2.5 cm water layer between the two successive iron layers.
The compositions and atomic densities of materials are given in Table 1 . Experimental configuration and measuring positions are shown in Fig. 1 . Four measuring positions P1, P2, P3 and P4 were taken in front Table 1 Compositions and atomic densities of materials of the first, the second and the third iron slabs and behind the third iron slab , respectively. Distances of these measuring positions from the aluminum tank surface are respectively 28.5, 36.0, 48.5 and 64.5 cm. Eight kinds of threshold reactions were used. They are 115In(n,n')115mIn, 58Ni(n , p) 58 Co, 64Zn(n p)64Cu, 54Fe(n, p)54Mn, 27Al( n, p)27Mg, 56Fe(n, p)56Mn, 24Mg(n, p)24Na and 27 Al(n, a)24Na. Activation materials were covered with cadmium cases of 1 mm thick. The detector characteristics are summarized in Table 2 . Foil holders attached to the iron slabs were made of 40 cm square thin plexiglass plate of 2 mm thickness with aluminum frame to minimize neutron flux spectral variations.
The reactor power was changed between nominal 50 kW and 2.5 MW depending on measuring position and reaction type of the detector.
Normalization of activities for different irradiations at same measuring position to the same power was made by measuring the activities of monitor foils ''51n(n, and 24Mg(n, p)24Na, irradiated at a fixed position of the foil holder. Since the purpose of these normalizations is to eliminate the effect of the variation of reactor power for different irradiations at the same measuring position on unfolded spectral shape, the error of overall magnitude of the spectrum due to the reactor power variation is not eliminated. The detector activities were measured with a 3"p x 3" Nal(TI) scintillation spectrometer.
The determination of the photopeak efficiencies of the NaI(Tl) crystal for g-rays from the detectors of thick disk type was made semi-empirically as described in Ref. (8) . All reaction rates normalized by monitor foils are given in Table 3 for a reactor power of 1 W. The uncertainty of the setting position of the iron slabs caused about 5% error in the reaction rate. Besides, the uncertainty of the irradiation position relative to iron slab caused additional 3% error. The reactor power was determined within an accuracy of 10%. The photopeak efficiencies of the NaI(Tl) crystal were determined within 5% error. The counting statistical errors were less than 2%. Consequently, total error estimated for the reaction rate measurement was 25%. These cross sections were taken from the ENDF/B-IV dosimetry file (9) and the SAND-II library (10) .
The comparison of the unfolded spectra with different libraries is given in Fig Except for these energy ranges, however, rather small differences of less than 10% were found. In the final unfolding, the ENDF/B-IV dosimetry file was used because the unfolded spectra showed better agreement with the calculated spectra. However, this does not mean, of course, this cross section set is better than the SAND-II library. Thirdly, the effect of the errors in the measured reaction rates on final iterative spectra was examined by random perturbation calculations. Measured reaction rates were perturbed by adding error components which were determined multiplying Ai by the random number of Gaussian distribution with mean zero and standard deviation ei/ Ai. Then iterative calculations were made for 171 kinds of perturbed reaction rate sets. The standard deviation of the final spectra, defined by STD(Pi), can be determined as follows :
where j: j-th energy group index p ij ; : Final iterative spectrum for 1-th reaction rate set As for the selection of the m, 10 was taken. Actually, m=10 is enough to obtain reliable standard deviation.
The results of the STD(Pi) for each measuring position are shown in Fig. 4 . The deviations of more than 10% are found below 2.5 MeV. There is a tendency that the deviations increase toward the lower end of energy range similar Fig. 2 
V. COMPARISON AND DISCUSSION
In this chapter, the comparisons of calculations and measurements will be made for the reaction rates and then for the spectra. For the latter comparisons , the results of some check calculations for SAND-II unfolding will be included.
A comparison of the measured and the calculated reaction rates is given in Table 4 Almost all calculated reaction rates agree with those of measured within the experimental error of 25%, though there are tendencies of underestimation in the case of ANISN-JR and overestimation at the positions P1, P2 and underestimation at the positions P3, P4, in the case of PALLAS. In the SAND-II unfolding process, the spectra calculated by the ANISN-JR and the PALLAS at each measuring position were used as initial spectra and the corresponding final iterative spectra to those initial spectra were shown in Fig. 6 by dots and crosses, respectively, comparing with the calculated spectra. In the figure, p[0] means initial spectrum.
Both spectra agree well each other below 10.5 MeV above which they diverge depending on the shape of initial spectrum.
Although there are rather large discrep- Fig. 7 to make clear the difference of the spectrum shape and they were supposed as 'true spectra'. Then the present seven kind of reaction rates were calculated for both ' true spectra'.
Unfolding was made for those calculated reaction rates derived from ' true spectra' by ANISN-JR using PALLAS spectra as initial spectra and also for those reaction rates derived from PALLAS using ANISN-JR spectra as initial spectra. The results are also shown in Fig. 7 . The unfolded spectra below 10.5 MeV agree quite well with both 'true spectra' within 10%.
The agreement is poor above 10.5 MeV. 
VI. CONCLUSION
Fast neutron scalar flux spectra as well as reaction rates were measured in a laminated iron-water shield. Some check calculations and error analysis performed for the unfolding process by the SAND-II code proved that the spectra were measured satisfactorily in the energy range of 1~40 .5 MeV. Calculations were made by the ANISN-JR and PALLAS in a spherical geometry using the ENDF/B-IV file and the parameters of S16 and P5 for the former and an angular quadrature set of Gaussian 16 points and P7 to P12 for the latter. In general, a very good agreement was obtained between measured and calculated spectra, from which it was inferred that the selection of those parameter was adequate for this deep penetration problem.
Also, the agreement of the measured and calculated spectra after penetrating through thick iron layers suggested that the treatment of the inelastic scattering of iron was made appropriately in both calculations.
Finally it was concluded that the experimental data obtained in this study can be used for a fast neutron transport benchmark calculation .
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